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duction of new-to-the-world innovations versus imitation. We base our analysis on data provided by the Eurostat Community Innovation Survey 
(CIS) carried out in Germany in 2012, which for the first time made a distinction between world–first innovation and imitation. We use both logit 
models and CHAID trees. The results of both analyses show that traditional in-house innovation and patents continue to make the largest contri-
bution to world-first innovation in the so-called open-innovation era, while some specific open innovation activities contribute to a lesser extent: 
cooperation with customers, information from universities, cooperation with suppliers, and acquisition of machinery. Thus, promoting open inno-
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Introduction
The Open Innovation paradigm is characterized by an increased and 
faster flow of information between firms (Dahlander & Gann, 2010). 
More than a decade after the term ‘open innovation’ was coined by 
Chesbrough (2003) we believe that it is fitting to analyse whether this 
flow of information is beneficial for both product innovators (in the 
sense of inventors or world-first innovators) and imitators or is detri-
mental to either of them, and to analyse whether the rules of the game 
in this arena (such as the role of the sector, the size of the company 
and the use of appropriation instruments) remain the same or have 
changed. By product innovation, we refer to both innovative goods 
and services.
In 2010 and 2012 changes were made to the EUROSTAT Communi-
ty Innovation Survey (CIS) - the microdata for which were simulta-
neously released in late 2015 - that made specific data about world-
first innovation available for the first time. The new CIS classification 
concurs with the directives of the Oslo Manual; ‘new to the firm’ is the 
minimum degree of novelty of the innovation and refers to introdu-
cing products that are new for the firm but not for the market;  ‘new 
to the market’ refers to being the first firm to launch the new product 
in its market; and ‘new to the world’ is the maximum grade of novelty, 
namely being the first to introduce the innovation in any market. 
In general, world-first innovations can bring product innovator firms 
competitive advantages as they allow them to get a head start on their 
rivals and influence consumer preferences as well as gain the benefits 
of the protection and concession of patents.  However, existing pro-
ducts provide imitator firms with the information needed to develop 
them, improve them and thus compete more effectively (Lieberman 
& Asaba, 2006). In addition, the costs of imitation are often much 
lower than the costs of innovation as an imitator company does not 
have to spend so much of its resources on R&D (Zachary et al., 2015). 
Open innovation could affect the balance between innovation versus 
imitation and their relative advantages and disadvantages by easing 
the flow of information.
If considered in the Schumpeterian framework, open innovation 
could contribute to diminished incentives to invent through easing 
imitation and thus lowering the rents from inventions. However, 
from other perspectives, imitation (or more competitive markets) 
may also serve as a spur to innovation, with firms who do not in-
novate finding themselves penalized (Aghion et al., 1997). In some 
settings, where innovation is both sequential and complementary, the 
inventor firm might even be better off from having other firms imita-
ting and competing against it (Bessen & Maskin, 2009).  Imitation can 
thus stimulate rather than dampen innovation under certain market 
competition conditions. In this regard, the fact that open innovation 
could encourage imitation through an increased flow of information 
and knowledge between firms (Dahlander & Gann, 2010) does not 
mean that it would necessarily have negative effects on innovation 
(West et al., 2006). 
The results of this study may be relevant for EU innovation policy de-
sign. Indeed, the European Commission’s interest in open innovation 
has led to their commissioning various studies (European Commis-
sion, 2014) and funding different projects that aim to encourage open 
innovation (see the Horizon 2020 projects). The Commission has also 
included open innovation in some of their initiatives to promote in-
novation (see, for example, the Open Innovation Strategy and Policy 
Group’s [OISPG] recent initiatives).
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Similarly, the results of this paper may also be relevant for managers 
as they shed light on the effects of particular open innovation activi-
ties and instruments that they may include in their firms’ innovation 
or imitation strategies. 
This article aims to use the 2012 CIS data from Germany to study the 
relationship between launching innovative goods or services that are 
new to the world, carrying out open and traditional innovation activi-
ties, and using appropriation instruments. The  structure is as follows: 
it first briefly reviews the theoretical and empirical literature on open 
innovation and on the introduction of innovations as opposed to imi-
tation; it then presents the data and methodology used and the results 
with two alternative analysis methods. Finally, it draws conclusions 
and comments upon limitations and future lines of research. 
Review of the literature
In this review, we concentrate on three issues. The first is the classifi-
cations of the various degrees of product innovation, the second is the 
relationship between open innovation activities and innovation ver-
sus imitation, and the third is the relationship between appropriation 
instruments and innovation versus imitation.
By definition, all innovations must have some degree of novelty. Ac-
cording to the Oslo Manual, there are three degrees of novelty, ‘new 
to the firm’, ‘new to the market’ and ‘new to the world’. ‘New to the 
firm’ is the minimum grade of novelty, ‘new to the market’ refers to 
the innovations that the enterprise is first to launch in its market and 
‘new to the world’ is the maximum grade of novelty. 
This classification corresponds to the most recent CIS data. CIS edi-
tions before 2010, however, only distinguished between innovations 
that were ‘new to the firm’ and the rest. The fact that CIS data is widely 
available across Europe means that there was much literature based 
on this reduced version of the concept of imitation versus innovation 
(Barge-Gil, 2010; Laursen & Salter, 2006; Spithoven et al., 2013). To 
the best of our knowledge, only Amara and Landry (2005) and Hanel 
(2008) have modelled world-first innovation from innovation activi-
ties, and used Canadian data that was collected before the term open 
innovation was coined. 
Taking advantage from the richer recently released CIS data, in this 
article we opt for the Oslo Manual definition of ‘world-first innova-
tions’ and use a variable indicating whether any of the product or 
service innovations by the company between 2010 and 2012 were 
world-firsts or if they were all at most new to the market. Therefo-
re, the so-called imitators in this paper could have been the first to 
launch products in their respective markets, but without their being 
world-firsts. 
Imitation and innovation as defined above cannot be understood 
nowadays without taking into account the trend towards being more 
open. Since the term open innovation was first used by Chesbrough 
(2003), different theoretical and empirical studies have evaluated 
this change in the innovation paradigm (Dahlander & Gann, 2010; 
Giannopoulou et al., 2010; Huizingh, 2011; Laursen & Salter, 2006; 
Van de Vrande et al., 2009; Wikhamn & Wikhamn, 2013). The ease 
in the flow of information that characterizes open innovation may 
have had an effect on both the costs and benefits that innovation has 
for both inventors (world-first innovators) and imitators. On the one 
hand, many studies sustain that openness helps companies to opti-
mise available resources and share the costs of innovation with other 
collaborators, in addition to facilitating the acquisition of the means 
to develop new technologies (Huizingh, 2011; Van de Vrande et al., 
2009). On the other hand, some studies conclude that this increased 
circulation of knowledge can make retaining the value difficult for the 
innovator firm, especially when the innovation cannot be protected – 
thus facilitating imitation (Laursen & Salter, 2014).
Open innovation activities are classified as inbound (those that use 
external sources to drive and develop innovation) and outbound 
(processes by which firms reveal information or sell their technolo-
gy). We focus on inbound innovation in this section (evidence of va-
lidity of inbound activities as measurement of openness can be found 
in Hochleitner et al., in press), while taking into consideration the fact 
that some appropriation instruments can also be used as outbound 
open innovation activities (see below).
Some studies sustain that inbound open innovation helps firms to 
improve their innovation performance through cooperation, and 
through exchanging and acquiring knowledge that comes from 
other external sources such as clients, suppliers, universities, tech-
nological centres, and competitors (Chesbrough, 2003; Dahlander & 
Gann, 2010; Huizingh, 2011; Van de Vrande et al., 2009; Temel et al., 
2013). This practice allows them to create synergies and to increase 
their chances of success in innovation projects (Lichtenthaler & Li-
chtenthaler, 2009). 
 
Inbound open innovation can even include other concepts that are 
closely related from the field of innovation management such as ab-
sorptive capacity, defined by Cohen and Levinthal (1990) as a firm’s 
ability to evaluate, assimilate and apply knowledge that comes from 
external sources (Lichtenthaler & Lichtenthaler, 2009). From this 
perspective, Cohen and Levinthal (1990, p. 131) sustain that absorp-
tive capacity is driven by two interrelated ideas: ‘Learning is cumula-
tive and learning performance is greatest when the object of learning 
is related to what is already known’. Absorptive capacity can thus be 
built by engaging in in-house R&D activities and can occur as a side 
effect (Cohen & Levinthal, 1990).
Absorptive capacity in the context of open innovation has gained in 
importance in the literature (Dahlander & Gann, 2010; Lichtentha-
ler & Lichtenthaler, 2009), mainly because open innovation is one of 
the principal means by which firms can absorb external knowledge. 
Furthermore, it can generate advantages for both imitating and inno-
vating, and it allows benefits from possible spillovers to be obtained 
(Dahlander & Gann, 2010).
 
On the other hand, imitating can be more economical than inno-
vating (Lieberman & Asaba, 2006; Zachary et al., 2015), although 
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this optimistic view of costs is not unanimous. Keupp & Gassmann 
(2009) sustain that the transaction costs of using external sources of 
knowledge and intellectual property are factors that can negatively 
affect the appeal of imitating. Finally, a new consensus is being for-
med around the idea that imitation and innovation are not opposites 
but can, in fact, reinforce each other and coexist (Bessen & Mankin, 
2009). 
Drawing from all the above-mentioned points, we formulate the fo-
llowing hypothesis:
H1. Inbound open innovation activities increase the likelihood of in-
troducing world-first product innovations
As regards appropriation instruments, the traditional use was to pro-
tect inventions from being imitated by rivals (Levin et al., 1987). The 
literature on the protection of innovations places appropriation acti-
vities into two major categories: legal and strategic. Legal instruments 
involve formal registration: patents, trademarks and copyrights are 
included in this group. Strategic instruments are the rest of the actions 
taken by the company to impede or make the copy and appropriation 
of innovation rents more difficult. The complexity of products, lead-
time advantage and secrecy are in this group (Arundel, 2001).
Many studies sustain that the effectiveness of appropriation instru-
ments and the relative importance of each instrument vary signifi-
cantly between industries and depend on the size of the company 
(Arundel, 2001; Levin et al., 1987). Arundel (2001) upholds that the 
category and number of appropriation instruments used by a firm to 
protect inventions can also vary according to what phase the innova-
tion is in; that is, the company can make use of secrecy initially and 
then patent later. 
In this regard, it must be pointed out that the use of patents and se-
crecy (commercial or industrial) has been widely studied both in 
the theoretical (see Hall et al., 2014 for a review) and the empirical 
literature (e.g. Arundel, 2001; Levin et al, 1987). There are also nu-
merous studies that consider other appropriation instruments to pro-
tect innovations such as, most notably, confidentiality agreements, 
copyrights and trademarks, among others (e.g. Amara et al., 2008).
 
Levin et al. (1987) show that some of the strategic protection mecha-
nisms, such as lead-time advantage and secrecy, are among the most 
effective instruments to protect a firm’s innovations. Arundel (2001) 
provided quite similar results, indicating that firms usually opt for 
secrecy rather than for patents to protect their inventions, mainly be-
cause they prefer not to reveal valuable information to their competi-
tors, especially in potentially profitable areas of research. Additiona-
lly, secrecy does not have to comply with the requirements demanded 
by the law of patents, which allows the firm to protect more of their 
valuable assets. However, secrecy does not detract from the fact that 
patents are better instruments for safeguarding the innovation, espe-
cially when it is relatively easy for competitors to imitate (Arundel, 
2001).
In conclusion, it must be pointed out that such findings refer to pro-
tecting and safeguarding innovations that have been produced in a 
traditional innovation context based on technology and knowledge 
within the firm (Chesbrough, 2003). The author, however, sustains 
that companies can also benefit from outbound open innovation 
(processes by which companies reveal information or sell their te-
chnology).
While traditional innovation has considered appropriation instru-
ments to be a way to protect innovations from imitation, open inno-
vation considers them to be a way of selectively revealing knowledge 
and capturing the knowledge rents produced without having to intro-
duce it to the market themselves. Dahlander and Gann (2010, p. 704) 
conceptualize these practices: selling ‘refers to how firms commer-
cialize their inventions and technologies through selling or licensing 
out resources developed in other organizations’ and revealing ‘refers 
to how firms reveal internal resources without immediate financial 
rewards, seeking indirect benefits’. If we link this to patents and se-
crecy, selling usually involves employing some sort of patent, while 
revealing involves failing to employ secrecy, at least partially.
Another line of the literature (e.g. Bessen & Maskin, 2009) suggests 
that firms adopt strategies to selectively reveal some of their techno-
logies to the public in order to elicit collaboration, but without any 
contractual guarantees of obtaining it. According to Dahlander and 
Gann (2010) being open and focusing less on ownership increases the 
opportunity to attract interest from other parties. 
Thus, within the framework of open innovation, firms in a favoura-
ble business environment can make use of patents to take advanta-
ge of exploitation. In other words, patents can be positively related 
to world-first innovation even under the open innovation paradigm. 
While the widespread use of secrecy is opposed to the concept of 
open innovation by its very nature, it could continue to be used by 
world-first innovators with a traditional profile, or selectively within 
an open profile. 
Drawing on the above, we formulate the following hypothesis: 
H2. Some appropriation instruments, notably patents, increase the 
likelihood of introducing world-first product innovations. 
Data and variables
The data used in this study come from the Eurostat Community Inno-
vation Survey (CIS) carried out in Germany in 2012. We turn to the 
CIS because it follows the directives of the Oslo Manual and its data 
are standardised, trustworthy, comparable and taken from large sam-
ples that are representative of the country’s economy as a whole and 
not only of the high technology sectors (Laursen & Salter, 2006). Re-
garding the country, we opted for Germany because this economy is 
one of the leaders for innovation according to the Innovation Union 
Scoreboard. In the CIS 2012 microdata for this country, we find the 
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highest frequency of firms with world-first innovation, both in abso-
lute terms and in the percentage of the total sample (8.2%). Statistical 
models predicting qualitative behaviours lose statistical power when 
the behaviour under study is only observed in a small number of ca-
ses. Therefore, the German market is the best option to see whether 
traditional innovation practices or open innovation practices contri-
bute most to the introduction of new products onto the world market. 
The sample includes firms with 10 or more employees which repre-
sent all sectors of the manufacturing and service industries. Of those 
surveyed, only enterprises that declared they had innovated goods or 
services were taken into account. In accordance with this filter, once 
the cases with missing values were excluded, we identified 1,715 firms 
who, during the period 2010-2012, declared that they had carried 
out at least one innovation related to goods/services, of which 406 
(23.7%) affirmed that at least some of their innovations could be clas-
sified as world-firsts.
The variables we considered are (Table 1):
1. Dependent variable. The dependent variable indicates the presence 
of world-first goods or services. The  CIS 2012 question ‘To the best 
of your knowledge, were any of your product innovations during 
the three years 2010 to 2012 a world-first?’ (referring to a previous 
question about new or significantly improved goods and services 
introduced during the same period) was used. ‘yes’ was coded as 1 
and ‘no’ as 0.
2. Explanatory variables. As explanatory we used the range of appro-
priation instruments available in the CIS for the analysis: (i) patents, 
(ii) trademarks and copyrights, (iii) complexity of products and (iv) 
secrecy. On the one hand, we used the two typical variables of inno-
vation activities: (1) in-house R&D and (2) information sources from 
within the enterprise; and, on the other hand, inbound open innova-
tion activities: (3) cooperation with suppliers, (4) cooperation with 
customers (5) cooperation with competitors, (6) information sources 
from consultants, (7) information sources from universities and go-
vernment, (8) external R&D, (9) acquisition of machinery, equipment 
and software and (10) acquisition of knowledge. The CIS contained 
a longer list of variables of cooperation, information and appropria-
tion instruments. We decided on the definitive list of 14 variables by 
carrying out a collinearity analysis. For example, information from 
universities and cooperation with universities were highly correlated, 
as were information from competitors and collaboration with compe-
titors; so, in each case, the variable that made more theoretical sense 
was chosen. Van de Vrande et al. (2009), for example, suggest that 
obtaining information from customers is within the possibilities of 
any organization, including those that practice traditional innova-
tion, while on the other hand, cooperating with customers is a clea-
rer indicator of openness  (Barge-Gil, 2010). We converted all of the 
variables into binaries. The variables In-House R&D, External R&D, 
acquisition of machinery and acquisition of external knowledge were 
already binary in the CIS (1=’yes’, 0=’no’). For the information sour-
ces and appropriation instruments, the categories ‘not used’ and ‘low’ 
were grouped together (0) and the categories ‘medium’ and ‘high’ 
were grouped together (1). For the cooperation variables the category 
‘yes’ (1) included any cooperation regardless of geographical location. 
A similar approach was followed by Hochleitner et al. (in press).
3. Control variables. As controls, we included the size of the company, 
measured by the number of employees (following the directives of the 
Oslo Manual, 2005). We classified the companies into three different 
groups: large firms, SMEs belonging to a group and independent 
SMEs (reference category). We also included industry, which we 
grouped into 9 major categories following the NACE classification. 
Other services act as a reference category.
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Table 1. Frequencies of independent variables and imitators and world-first innovators
    % Within Imitators % Within world-first Innovators % Total 
Innovation activities
In-house R&D
NO 35.3 6.4 28.5
YES 64.7 93.6 71.5
Inf. sources from within the enterprise 
NO/LOW 12.6 6.7 11.2
MED/HIGH 87.4 93.3 88.8
Cooperation with suppliers 
NO 87.2 74.4 84.1
YES 12.8 25.6 15.9
Cooperation with customers
NO 84.3 71.2 81.2
YES 15.7 28.8 18.8
Cooperation with competitors 
NO 92.7 87.4 91.5
YES 7.3 12.6 8.5
Inf. sources from consultants 
NO/LOW 77.2 84.7 79.0
MED/HIGH 22.8 15.3 21.0
Inf. sources from universities and government 
NO/LOW 68.0 49.5 63.6
MED/HIGH 32.0 50.5 36.4
External R&D
NO 69.6 48.0 64.5
YES 30.4 52.0 35.5
Acquisition of machinery, equipment and software
NO 28.7 20.0 26.6
YES 71.3 80.0 73.4
Acquisition of knowledge
NO 70.6 64.3 69.1
YES 29.4 35.7 30.9
Appropriation instruments
Patents
NO/LOW 59.1 29.3 52.0
MED/HIGH 40.9 70.7 48.0
Trademarks and Copyright
NO/LOW 48.4 34.5 45.1
MED/HIGH 51.6 65.5 54.9
Complexity of goods or services
NO/LOW 37.4 27.3 35.0
MED/HIGH 62.6 72.7 65.0
Secrecy
NO/LOW 43.7 30.8 40.6
MED/HIGH 56.3 69.2 59.4
Size
Large enterprise 17.6 34.2 21.6
SME in an enterprise group 22.8 22.2 22.7
Independent SME 59.5 43.6 55.7
Nace
Food, mining, construction 10.7 5.2 9.4
Textile, fur, wood, paper industries 10.4 13.8 11.2
Publishing printing and recorded media industries 5.7 6.9 5.9
Rubber and plastic manufacturing 6.4 7.9 6.8
Metal manufacturing 17.3 38.9 22.4
Machinery and equipment manufacturing 3.5 5.4 4.0
Other manufactures 9.5 6.9 8.9
Retailing, repair and transport 16.3 7.4 14.2
Other services   20.2 7.6 17.2
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Statistical analysis
The relationship between introducing or not world-first good and 
service innovations, the activities, the appropriation instruments and 
the controls are specified as a binary logistic regression model (Hos-
mer & Lemeshow, 2004) as:
yi
*=xiβ+ui ,      
    
where yi
* is an underlying continuous dependent variable, which is 
not observed. The categorized yi variable with two categories is ob-
served instead as yi=0 if yi
* ςτ (imitators) and yi=1 (world-first inno-
vators) if yi
*>τ. yi
* thus shows the propensity to introduce world-first 
innovations. xi is a row vector of explanatory variables, which in our 
case includes dummy coded innovation activities and appropriation 
instruments as well as dummy coded controls. ui stands for the coeffi-
cient vector. ui is a disturbance term with a logistic distribution with 
null location parameter and unit scale parameter. The exponential 
transformation of the coefficients can be interpreted as odd-ratios.
Groups of firms with combinations of activities, appropriation ins-
truments or control characteristics leading to a particularly high pro-
portion of world-first product innovations were identified by means 
of using the Chi-Squared Automatic Interaction Detector technique 
(CHAID), a particular case of decision and regression tree (Magid-
son, 1994). The maximum depth of the tree was specified as 4 with a 
minimum terminal node size of 50 firms and alpha risk equal to 0.05 
applying Bonferroni’s inequality to prevent the accumulation of risks 
due to multiple testing.
Modelling world-first innovation from innovation  
activities and appropriation instruments   
As regards the application of the logit model, according to Table 2, the 
Nagelkerke’s R-squared of the relationship between innovation acti-
vities, appropriation instruments, controls and world-first product 
innovation is 0.261.
Table 2. The relationship between innovation activities and appro-
priation instruments and world-first product innovation.
Standard error p-value Oddratio
Innovation activities
In-house R&D  1.418** 0.227 0.000 4.13
Inf. sources from within the enterprise  0.414 0.238 0.082 1.51
Cooperation with suppliers  0.186   0.160 0.246 1.20
Cooperation with customers  0.377* 0.165 0.022 1.46
Cooperation with competitors  0.217 0.213 0.308 1.24
Inf. sources from consultants -0.715** 0.177 0.000 0.49
Inf. sources from universities and government  0.284* 0.137 0.039 1.33
External R&D  0.011 0.146 0.942 1.01
Acquisition of machinery, equipment and software  0.156 0.156 0.316 1.17
Acquisition of knowledge  0.085 0.144 0.557 1.09
Appropriation instruments
Patents  0.570** 0.149 0.000 1.77
Trademarks and Copyright  0.256 0.143 0.073 1.29
Complexity of goods or services  0.268 0.150 0.074 1.31
Secrecy -0.198 0.149 0.183 0.82
Size 
Large enterprise  0.381* 0.165 0.021 1.46
SME in an enterprise group  0.005 0.160 0.973 1.01
Independent SME  0a 1.00
NACE
Food, mining, construction  0.143 0.320 0.655 1.15
Textile, fur, wood, paper industries  0.898** 0.265 0.001 2.45
Publishing printing and recorded media industries  0.889** 0.314 0.005 2.43
Rubber and plastic manufacturing  0.940** 0.305 0.002 2.56
Metal manufacturing  1.238** 0.235 0.000 3.45
Machinery and equipment manufacturing  1.019** 0.349 0.004 2.77
Other manufactures  0.573 0.305 0.060 1.77
Retailing, repair and transport  0.199 0.285 0.486 1.22
Other services  0a 1.00
Nagelkerke’s R2 0.261   
**: p-value <0,01; *: p-value <0,05. a Reference category
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The results show that in-house R&D (  =1.418; p <.01; odd-ra-
tio=4.13), the traditional innovation activity, has the greatest positi-
ve effect on the launch of world-first goods and services. The use of 
internal sources of information, on the other hand, does not have a 
significant effect. According to the percentages in Table 1 this activity 
can be taken for granted in most firms (88.8%).
However, it must be highlighted that some of the inbound open inno-
vation activities have a positive effect on launching new-to-the-world 
goods and services. This is the case for cooperation with customers 
(  =.377; p <.05; odd-ratio=1.46) and information sources from uni-
versities and the government (  =.284; p <.05; odd-ratio=1.33). This 
result partially confirms hypothesis 1. On the other hand, the use of 
information sources from consultants has a negative effect on world-
first products (  =-.715; p <.01; odd-ratio=0.49). This could be attri-
buted to the level of consolidation of the information that is usually 
transmitted by consultation, which is often not the type of leading-
edge knowledge that is needed for world-first innovation. The other 
open innovation activities have no significant effect on world-first 
products.
Patents are the only appropriation instruments to exercise a signi-
ficant positive effect on world-first products (  =.570; p <.01; odd-
ratio=1.77). No instruments have a significant negative effect. This 
result partially confirms hypothesis 2. 
With respect to the control variables, large firms are the only ones 
that stand out from both independent SMEs and those that belong to 
a group, and they are also the ones that are more likely to introduce 
world-first products. With regards to NACE, metal manufacturing 
has the highest likelihood of introducing world-first products, closely 
followed by machinery/equipment manufacturing, rubber/plastic 
manufacturing, textile/fur/wood/paper manufacturing and the pu-
blishing, printing and recorded media industries. The other manu-
facturing industries are somewhere in the middle, and the primary 
sector, construction, and services are at the bottom.
Combinations of firm characteristics, appropriation  
instruments and activities leading to world-first innovation
Regarding the application of the CHAID method (Figure 1), the 
following variables contribute to identifying groups of firms with 
varying degrees of success in introducing world-first innovations. 
The first variable is in-house R&D, which appears to be a necessary 
condition for success in new-to-the-world innovation (only 5.3 % of 
firms without in-house R&D achieve world-firsts). For the sake of 
brevity, from here on we will only comment on combinations of cha-
racteristics with particularly high world-first innovation rates.
Among firms with in-house R&D activities, a medium or high use of 
patents contributes most to increasing the world-first innovation rate. 
The sample includes 40.2% of cases with both in-house R&D and 
patents, with a rate of world-first innovations of 39.8%.
Among firms with in-house R&D activities and patents, being a large 
enterprise contributes to increasing the world-first innovation rate. 
The group that combines these three characteristics includes 14.1% of 
sample cases, with a rate of world-first innovations of 52.5%. Among 
large firms with in-house R&D activities and patents, cooperation 
with suppliers contributes to further increasing the world-first inno-
vation rate. 4.8% of firms combine these four characteristics, and this 
subgroup has a world-first innovation rate of 65.1%. 
In the case of SMEs (both independent SMEs and those belonging 
to a group), combining in-house R&D and patents, the acquisition 
of machinery, equipment and software contributes to increasing the 
world-first innovation rate. 19.4% of firms combine these four cha-
racteristics, with a world-first innovation rate of 37.3%. 
In the case of firms with in-house R&D activities that do not use pa-
tents, belonging to manufacturing industries contributes to increa-
sing the world-first innovation rate. The node includes 14% of sample 
cases, with a rate of world-first innovations of 29.2%. Among firms 
with in-house R&D activities that do not use patents and belong to 
manufacturing industries, trademarks and copyright contribute to in-
creasing the world-first innovation rate. This combination of charac-
teristics includes 5.4% of cases, with a rate of world-first innovations 
of 37%. 
Figure 1. CHAID tree of world-first product innovators
Discussion 
The results of this study provide significant evidence that above all 
German companies continue to use activities and appropriation ins-
truments from traditional innovation to introduce good and service 
innovations to the world. 
The logit model and the CHAID technique provide complementary 
and convergent insights. In both cases, in-house R&D and patents 
are the main variables related to world-first innovators. Furthermo-
re, in both techniques, all of the inbound and the remaining out-
bound open innovation activities appear to have no adverse effects on 
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world-first innovations. The only exception is consultants. Certain 
inbound open innovation activities do have a favourable effect on 
world-first innovation; they appear with moderate significant coeffi-
cients in the logit model and at the bottom of the CHAID tree.
These results can be classified as typical in the sense that the activities 
that characterise innovations at a world level are internal R&D and 
the use of patents, coinciding with the results that studies on inno-
vation carried out previous to the open innovation context tended to 
give (e.g. Amara & Landry, 2005; Hanel, 2008). This statement does 
not undermine the open innovation paradigm. This study shows that 
cooperation with customers, information from universities and the 
government, cooperation with suppliers and the acquisition of ma-
chinery play to the advantage of world-first innovators, at least in 
some cases. The only open innovation activity that is detrimental to 
world-first innovation is the use of information from consultants, as 
discussed above.
The refinement that discriminates between firms that launch inno-
vations at a world level and those that launch innovations only at a 
market or firm level sheds light on the distinction between the crea-
tion and the imitation of innovations. This distinction is relevant be-
cause it coincides with the classification that has been established in 
a large part of the theoretical literature (Lieberman & Asaba, 2006; 
Zachary et al., 2015), while the empirical literature has tended to 
consider innovation at a market level to be sufficient, at least in the 
European context (Barge-Gil, 2010; Laursen & Salter, 2006). This dis-
tinction is important, for example, when considering the effects of 
innovation on the growth of an economy and, consequently, when 
shaping policies to encourage innovation (European Commission, 
2014). The results of this study show that promoting open innovation 
can be advantageous for the introduction of world-first innovations, 
thus lending support to initiatives like Open Innovation 2.0, which is 
included in the Digital Agenda for Europe.
Conclusions
The aim of this article is to study the relationship that open innova-
tion activities and appropriation instruments have with the introduc-
tion of new-to-the-world innovations. To this end, we use the data of 
the CIS 2012 carried out in Germany. The statistical analysis produces 
several significant results. First, beyond the still decisive role of tradi-
tional innovation, our results show that some inbound open innova-
tion activities have a positive effect on world-first product innovation. 
Second, amongst the appropriation instruments, only patents exerci-
se a significant positive effect on world-first product innovation.
As regards the main implications and contributions of this study, be-
sides helping to determine the appropriateness of policies suppor-
ting open innovation as mentioned above, our results are relevant for 
practising managers as they assist them in identifying which open in-
novation practices might be more productive. For instance, we show 
that when it comes to world-first innovation, large enterprises may 
find greater benefit from cooperating with suppliers and SMEs from 
acquiring machinery.
Several limitations of this study need to be noted. First, the data used 
are based on German firms and therefore the results are specific to 
that country. The effects of open innovation activities and appro-
priation instruments on world-first innovation from other countries 
could be significantly different. Future research is required to verify 
whether these results can be applied elsewhere. Second, our results 
are specific to the innovation of goods and services and do not in-
clude other types, such as the innovation of processes. Despite the 
fact this study considers a wide range of innovation activities in the 
analysis, the CIS information is limited regarding outbound open 
innovation. Appropriation instruments may or may not be used for 
outbound open innovation purposes. This limitation is related to the 
use of official statistics data, whose range of variables is not controlled 
by the researcher. Last, the broad definition of innovation used by the 
OCDE - ‘Did your firm offer new or significantly improved products 
(goods or services)?’ - has advantages over a narrower vision - R&D 
spending and obtaining patents - but on the other hand it runs the 
risk of counting relatively minor improvements to goods or servi-
ces as innovations at a world level. In any case, the results obtained 
from this study, where in-house R&D and patents stand out when 
explaining the originality of the innovations, could be an indicator of 
convergent validity. Further research on world-first innovation in an 
open innovation context is required, using data from diverse sources.
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